Reaction of dimethoxy(methyl) (pyrrolidinomethyl) 
Introducdon
During tbe last few years, numerous papers on tbe syntbesis and structure of ionic organosilicates bave been published. 1 • 2 In contrast, only a small number of zwitterlonic organosilicates bavc beendescribed3-1 0 (fora recentrevicw, seeref 11). Mostoftbesc zwitterionsbelang to the class of spirocyclic silicates (examplcs: 1·1/4CH 3 CN,'·'l-CH3CN, 4 ·' 3-CH 3 CN,6.8 4,s 4·H 2 Q,B S, 7 .B and 6•), wbereas compound 7 1 0 rcpresents tbe only authcntic zwitterionic organofluorosilicate tbat bas been cbaracterized by X-ray diffraction and NMR-spectroscopic studies {Sc:beme I). In tbis contcxt it sbould be mcntioned tbat tbe cxistence of tbe structurally rclated zwitterionic (ammonioalkyl)tetrafluorosilicate 8 (Scbeme I) was already postulatcd nearly two decades previously.l2 As its identity was bascd only on an eiemental analysis, tbe authcnticity oftbis compound, however, bas remained uncertain. We now wisb to report tbe syntbeses and crystal structures ofthe
• To whom correspondence ahould be addreased. t Univenitlt Karlaruhe. flrst zwittcrionic (ammonioalkyl)organotrifluorosilicates 9 and 10 (Scbemc II). In addition, thc results of solid·statc NMR studies on 7, 9, and 10 are described. In order to establish its DbMtboxy(pbeayl)(pyrrolidiaometlyl)lilaae (13). A GriJnard rcasent was prcpared from chlorobenzene (13.5 J, 120 mmol) and magncsium turninga {2.92 g, 120 mmol) in tetrahydrofuran (100 mL) and was then added dropwisc at 0 °C durina 1 h to a stirred solution of 14 (24.0 s. 117 mmol) in dietbyl ethcr (250 mL). Tbc m.ixturc was stirred for 16 h at room temperaturc and then heatcd under rcflux for 8 b. Tbc prccipitate was filtered off and washed with n-pentane (3 X 50 mL), thc flltrate was combined with the washinp, and thc solvent was removed by diatillation at normal prcsaure. Tbc residuc was distilled in vacuo (Visrcux column) to give 1S.9 1 (yicld 54%) of a colorlcsaliquid; bp89°C{0. (b) X-ray Diffnc:doa Studlea. Ccll parameters were obtaincd from Ieast-squares flts to the settings of 25 reflections in the range 15° ~ e ~ 20° centercd on a Siemens P4 diffractometer by using Mo Ka radiation. Intensities were collectcd for colorless, prismatic crystals of 9 and 10 at -100 °C for 20 ~ .50°. No significant deviations in intensity were registercd for three monitor reflections recordcd at regular intervals. Crystallographic paramcters and additional dctails of tbe data collection and rcfinement are given in Table I . A total of 1521 (Rmt • 0.015) and 2118 (Riat • 0.029) independent reflections wcre mcasurcd for 9 and 10, respectively. On the basis of the rejection criterion F 0 l ~ 2a(F 0 2) 1182 and 1448 reflec:tions were uscd for subsequcnt refinemcnts. Tbc structures were solved by direct methods and refincd by full-matrix least-squares13 with anisotropic thermal parameters for allnon-hydrogen atoms. Neutralatom scatterina factors, corrected for the real and imaginary parts of anomalous dispersion, were taken from ref 14. Corrections for a bsorption were applicd after isotropic Ieast-squares refinement for the non-hydrogen atoms by use of the prosram DIFABS. 15 1709 (4) 1031 (3) 1217 (3) 34(1) C (2) 2914 (3) 774 (2) 4720 (3) 26(1) C (3) 2616 (4) 1706 (3) 7204 (3) 31(1) C (4) 1837 (4) 2833 (3) 7648 (3) 34(1) C (5) 1688 (4) 3511 (3) 6219 (3) 39(1) C (6) 1246 (4) 2603 (2) .5058(3) 35(1) N 1846 (2) 1440 (2) 5692 (2) 21 (1) 11 The cquivalent isotropic temperature factor U(eq) is dermed u onothird ofthe traee of the ortbogonalized UIJ tensor. (2) 672 (2) 1991 (1) 4593 (2) 61(1)
1303 (3) 3051 (2) 2869 (3) 37(1) C (2) 1888 (4) 351.5{3) 6052(3) 39(1) C (3) 3337 (4) 4794 (3) 7943 (3) 46(1) C (4) 4764 (5) 5432 (3) 8224 (4) 58 (2) C (5) 4852 (4) 5626 (3) 6909 (3) 56(2) C (6) 3891 (4) 4764 (3) 6001 (3) 48(2) C(l2) 22.50 (4) 2191 (3) 2902 (4) 56(2) C (13) 2727 (5) 2004 (4) 1879 (6) 76(2) C(l4)
2241 (5) 2665 (5) 795 (5) 81(2) C(l5)
1293 (5) 3507 (4) 716 (4) 72 (2) 11 The equivalent isotropic tcmperature factor U( eq) is dcfined as onethird of the trace of the ortbogonalized UIJ tensor. Table IV Results and Discusaloo (a) Syatbesel. Tetrafluoro(pyrrolidiniomethyl)silicatc'o (7) was syntbcsizcd as dcscribcd in the literature~ (3-Ammoniopropyl)tetrafluorosilicate (8) was prepared analogously by rcaction of commercially available (3-aminopropyl)triethoxysilane ( 11) with an excess of hydrogen fluoride in ethanoljbydrofluoric acid at 0 °C, following tbe strategy outlined in ref 12, but using a modified procedure (Scheme 111)~ 8 was isolated with 80% 
1S
Altcrnativcly, 9 was obtained by reaction of methoxy(methyl)· phenyl(pyrrolidinomethyl)silanc (15) Tbc identity of9 and 10 was established by eiemental analyses (C, H, F, N), mass-spectrometricinvestigations (9, EI MS, FAD MS; 10, EI MS) and solution-state NMR studies (sec Experimental Section). In addition, the crystal structures of 9 and 10 were established by X-ray diffraction (sec Crystal Structures). However, as the 1 Hand uc NMR da ta for the pyrrolidiniomethyl group of9 and 10 arc very similar to those obscrved for 7 (wbose pentacoordination was proved directly), it is concluded tbat the ( 17) Tbc failure to obecrvc 29Si raonanca at room tcmpcraturc for solutions of 9 and 10 may havc to bc attributed to motional proccsses involving thc SiFs moiety aa has also been diacuued for related ionic compounds (ICC for example rcfa lc,c,f and 2i,m,n,t). Tbc equatorial Si-F(3) bond lengths of 1.630(2) and 1.633(2) Ä in tbe zwitterions 9 and 10 are similar to tbose observed for ionic diorganotrifluorosilicatcs.:zn,la Tbc axial Si-F(l) bond is significantly Ionger tban tbe opposite Si-F(2) bond in botb 9 (difference 0.049 Ä) and 10 (difference 0.034 Ä). A similar pbenomenon has been reported for ionic diorganotrifluorosilicates with 18-crown-6 potassium as the cation.2n.:z. In each case the axial fluorine atom of tbe Ionger Si-Fu bond participates in the coordination sphcrc ofthe potassium cation and the relevant FuSi-F eq angle is markcdly smaller than 90°, as is observed in 9 and 10. Different axial Si-F bond distances were also found for the zwitterionic organotetrafluorosilicatc 7 (diffcrences 0.045 and 0.049 Ä, respcctively ), 10 which may be explained by dipolar F··· N intcractions. Tbc lengthening ofthe Si-F(l) with respect to the Si-F(2) distances in the zwitterionic silicates 9 and 10 may also be a result of dipolar F(l )-N interactions displayed by theformer axial fluorine atom. In the case of 9, intermolecular N-H .. ·F hydrogen bonds may also play a rote.
A dihedral angle of 57.8° is observed in 10 bctwecn the plane of the phenyl ring and the equatorial plane of the TBP. (c) SoHd-State NMR Data. The zwitterionic organofluorosilicates 7-10 were studied by solid-state NMR spectroscopy (7, 8, 15N; (7) (8) (9) (10) 211Si may have to be attributed to some residual t9p_t 5 N dipolar interactions in 7; the average 19f ••• 15N distances in 7 sbould be shorter than those in 8. An alternative explanation can be found on the basis of the X-ray crystallographic data for 7.1° First, there are two crystallographically independent moleculcs per asymmetric unit, information which is apparently not resolved in the 1H-15N CP MAS spectrum of 7 (neither are the two expected 2 9 Si resonances rcsolved in the 29 Si MAS spectrum of 7, sec Figure 4) . Thus, the presence of two unresolved 1 SN resonances may account for some increase in the observed line width. Second and more important, some dynamic disorder phenomena (along with a phase transition occurring near -10 0 C) has been claimed for 7 on the basis of variable-temperature X-ray diffraction studies. 10 This latter crystallographic finding is in fact corroborated by the occurrcnce of a broadened 15 N resonance. Anothcr NMR-spectroscopic rcsult further confirms this interpretation: while there is no problern to obtain a 29 Si single-pulse MAS spectrum of7 ( under 1 9Fbigh-power decoupling conditions, see Figure 4 ), all our attempts to obtain a 19 F-2 9Si CP MAS spectrum of7 failed. A wide range of 19 F-29 Si cross polarization contact times (ranging from 1 to 25 ms) have been used unsuccessfully. Taking thc spin dynamics of the CP MAS experiment into account, motional processes, like the mcntioned dynamic disorder phenomcna for 7 or intramolecular exchange processes involving the SiF 4 moiety, can partially ( or fully) average the respective dipolar interactions, thus renderlog the cross polarization process fairly (or totally) inefficient. Under such circumstances also MAS rates of only a few kilohertz may interfer with the CP process, lcading to well-known modulations in the CP matehing curves 1 51 and to the potential complete failure of CP MAS methods for such cases. Further low-temperature CP MAS studies should enable us to prove this interpretation for compounds 7 and 8.
Along witb the 2 9 Si MAS spectrum of 7, Figure 4 resonances of both 7 and 8 show similar half-height line widths under 19 F high-power decoupling (7: 350Hz; 8: 300Hz). As mentioned before, the two 2 9 Si rcsonances for 7 which one would expect on the basis ofthe single-crystal X-ray diffraction studies10 are not resolved. Line widths of the order of 300 Hz certainly have to be considered substantial for 29 Si MAS or CP MAS spectra of crystalline silicates. In the case of compounds 7 and 8 it may only seem too tempting to ascribe this broadening entirely to some residual 1 H_29Si dipolar interactions. 20 However, also for 8 the cross polarization efficiency for the t 9 F-211Si CP MAS experiment is fairly poor as may be seen in Figure 4 . In the absence of motion 19f-29Si cross polarization has becn shown tobe a highly efficient processt6,2t so that it seems reasonable to postulate a certain degree of SiF 4 nonrigidity also for compound 8. Another indication for the presence of such SiF .. nonrigidity in solid 7 and 8 can be obtained from the respective tH-29Si CP MAS spectra. 7 yields a 1 H-29Si CP MAS resonance (v 112 = 350 Hz, excellent CP efficiency with CP contact times of approximately 5 ms) which displays no fine structure due to the interplay of scalar and dipolar 19f j29Si interactions. We may thus speculate that motional processes in solid 7 at room temperature should be restricted to the SiF 4 moiety,leaving the IHJ!ISi interactions rather undisturbed. In fact, exchange processes similar to those shown for related ionic compounds in solution (see for example refs 1 c,e,f and 2i,m,n,t), would be fully in agreement with our various CP MAS fmdings. Finally, it should be mentioned that the isotropic 2 9 Si chemical shifts of7 (-121.1 ppm; in CD 3 CN -122.9 ppmtO) and8 (-112.4 ppm) are in good agreement with the existence ofpentacoordinate silicon in these zwitterions.
F or compounds 9 and 10 we can only report a complcte failure to obtain either 29 Si MAS spectra with 1 9 f high-power decoupling or t9p-211Si CP MAS spectra. Using similar experimental parameters as for 7 and 8 to record the 211Si (19f decoupled) MAS spectra (i.e. spinning rates of 4-5 kHz, 29Si pulse widths of 30°, and recycle delays of30-60 s) yielded no detectable 29Si resonances for 9 and 10. Various 19 F-29Si CP MAS experiments on 9 and 10 were equally unsuccessful. Wehave no reason to believe that the 29Si longitudinal relaxation times T 1 for 9 and 10 could be much Ionger than for 7 and 8. Therefore, similarly conservative pulse conditions (i.e. small 29 Si flip angles and rather long relaxation delays) as used successfully for 7 and 8 should yield reasonable 29 Si MAS spectra for 9 and 10. Wehave to come to the conclusion that for both 9 and 10 the 2 9 Si resonances (even under 19 F high-powerdecoupling conditions) at room temperature are broadened beyond detection. Again, this could be a combined effect of substantial residual1H_2!1Si dipolar interactions (more for 9 and 10 than for 7 and 8) andfor motional processcs which would have tobe in the coalescence regime near room temperature in order to broaden the 29 Si resonances of 9 and 10 to such an extent.
